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1.  PURPOSE 


The  puzposes  of  this  research  and  develcpri^t  contract  are  to: 

1.  Develop  practical  l^ig-CuO  and  llg-RgO  reserve  cells  suitable  for 
utilization  in  high-rate  batteries. 

2.  Characterize  the  I4gAs(C10^)2AfcO2  and  Mg/j^(C10^)2/CuO 
dry  cells. 

3.  Perfonn  research  studies  to  deteradne  the  factors  and  mechanisras  con¬ 
trolling  anode  efficiency,  inhibitor  function,  and  delayed  action  of 
the  magnesium  anode  with  eaphasis  on  the  perchlorate  electrolyte. 


2.  ABSTRACT 


This  abstract  describes  briefly  the  significant  accoxnpllsbments  and  progress  made 
ozx  the  U.  S.  Army  Signal  Research  and  Development  Laboratories  High>Capaoity  Mag¬ 
nesium  Battery  Program  by  the  Radio  Corporation  of  America,  Sendoonductor  and 
Materials  Division,  during  the  eight  quarterly  period  from  March  1,  1962  to 
May  31,  1962. 

Data  sire  presented  which  show  the  low-temperature  characteristics  of  magnesium- 
magnesium  perchlorate-mercuric  oxide  and  cupric  oxide  reserve  cells  at  ambient  tem¬ 
peratures  down  to 

Capacity  data  for  three  cell  batteries  are  also  Included. 

Data  from  mercuric  oxide  cell  studies  conducted  to  evaluate  the  use  of  a  'citanium 
cathode  grid  are  sunmarized. 

Lofw-temperature  capacity  data  for  magnesium-magnesium  perchlorate-manganese  dioxide 
A-oells  and  6-oell  batteries  discharged  at  -20*F  are  presented. 

Results  from  magnesium  anode  efficiency  studies  are  summarized  for  pure  magnesium 
and  AZ-21X1  alloy  over  a  current  density  range  of  0.09  to  10.9  ma/cm^.  A  correlation 
of  the  effioienoy  data  with  magnesium  corrosion  film  studies  is  also  presented. 


3.  CONFERENCES 


On  March  22,  1962,  Dr«  Q.  S.  Lozier  and  Mr.  R.J.  R^ran  visited  the  U.S.  Anqy 
Signal  Research  and  Development  Laboratories  at  Fort  Monmouth,  New  Jersey  to 
discuss  progress  under  the  subject  contract.  Present  at  the  meeting  were 
Messrs  A.  Alverlnl,  J.  Hovendon,  C.  Trigg  and  D.  Wood  of  the  U.  S.  Army  Signal 
Research  and  Development  Laboratories. 

On  May  8,  1962,  Mr.  C,  Tilgg  of  the  U.  S.  Army  Signal  Research  and  Development 
Laboratories  visited  RCA  in  Somerville,  New  Jersey,  to  discuss  progress  under 
this  contract.  Present  at  the  meeting  were  Dr,  G,  S.  Lozier,  and  Mr,  R.J.  Ryan 
of  RCA. 
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M>  FACIffAL  m 

4.1  MAGNESIUM  PERCHLORATE  RESERVE  CELLS 

Data  were  presented  in  the  Seventh  Quarterly  Report  of  this  contract  showing  the 
characteristics  of  sercurio  oxide  and  ouprlo  oodde  reserve  cells  at  discharge 
rates  from  one  to  eight  hours.  These  studies  were  continued  during  this  report 
period  to  detezmLne  the  characteristics  of  these  eystems  during  low.>tei!^erature 
operation. 

4.1.1  Magnesiug-?'erc;irle  Oxide  Cells 

4. 1.1.1  Low-Teinperature  Studies 

Mezxjurlc  oxide  cells  of  277  as!pere>minutes  theoretical  cathode  capacity 
were  used  for  all  charaoterleation  studies;  the  construction  of  these 
cells  was  described  In  the  Seventh  Quarterly  Report,  Two  types  of  cell 
cases  were  used  for  the  low-temperature  studies,  a  non-lnsulatlag  rigid 
plastic  case  and  a  similar  case  with  a  one-half  inch  thick  polyurethane 
foam  jacket  added.  The  cells  were  activated  with  magnesium >perchlorate 

electrolyte  at  room  tesperature  and  allowed  to  stand  at  the  test  ainbient 
tenperature  for  a  period  of  five  minutes  prior  to  starting  the  dlscharea. 
This  type  of  activation  .pnooedure  is  similar  to  that  used  in  meterolpgical 
applioatlaDS . 
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Tlie  capacity  data  for  single  cells  discharged  at  cozistant-ourrent  drains 
of  0.5  to  4.0  aoperes  and  at  tesperatures  as  1cm  as  -$8”F  are  presented 
in  Table  4-1.  The  data  shot/  that  room  texrperature  capacity  can  be 
approached  at  low  temperatures  by  insulating  the  cell  case  to  conserve 
the  heat  evolved  from  the  magnesium  reactions.  With  the  4.0-aiipere 
discharge,  a  sufficient  internal  cell  ten^serature  is  maintained  to  give 
room-tenperature  capacity.  The  capacity  of  the  non-insulated  cell  at 
an  ambient  tenperature  of  -40**?  drops  to  60  percent  of  the  room  tempera- 
t\ire  capacity. 

Discharge  curves  for  both  cells  at  an  ambient  temperature  of  -40®F  are 
presented  in  Flgiire  4*1.  Data  for  the  cells  at  an  ambient  temperature 
of  -58  “F  are  presented  in  Figure  4-2. 

Three  cell  batteries  were  constructed  of  cells  similar  to  those  de¬ 
scribed  above  to  determine  the  loTr-temperaxure  characteristics  of  a 
multiple-cell  unit.  The  three-cell  batteries  v/c-re  activated  \ivith 
room-temperature  5N  jaagnesium-perchloraie  eleotTOliae  as  in  the  previous 
single-cell  tests  and  discharged  at  a  one- ampere  rate.  Discharge  curves 
for  these  batteries , both  vdth  and  v/ithout  polyurethane  insulation,  at 
an  ambient  temperature  of  -40®F  are  presented  in  Figure  4-3.  The  data 
show  that  full  room-temperature  capacity  vras  obtained  with  the  insulated 
battery.  For  the  non-insulated  battery,  50-percent  capacity  was  obtained 
to  a  20- percent  voltage -drop  end  point.  The  gradual  fall  off  in 
voltage  is  caused  by  heat  loss  from  the  cells.  It  should  be  noted  that 
magnesium-mercuric  oxide  cells  have  an  operating  voltage  of  1.20  volts 
at  -40*F  where  no  heat  is  conserved. 
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Capacity  data  for  a  three-cell  battery-  discharge  at  1.0  aiapere  at  an 
ambient  temperature  of  -58  *F  are  presented  in  Figure  4-4.  A  one-half 
inch  thick  polyurethane  foam  jacket  v/as  used  for  insulation.  The  data 
shows  that  85  percent  of  the  room  teirperature  capacity  was  obtained  to 
a  10-percent  voltage-drop  end  point. 

In  the  above  studies  cells  were  activated  with  electrolyte  at  70®F. 

For  cells  activated  at  low  ambient  tenperatures  the  initial  operating 
voltage  is  equal  to  the  operating  voltage  for  that  temperature  as  given 
in  Figure  4  of  the  Fifth  Quarterly  Report  of  this  contract.  Cell  voltage 
then  rises  during  the  discharge  as  heat  is  generated  in  the  cell  reactions. 
It  is  apparent  from  the  above  studies  that  magnesium-mercuric  oxide  bat¬ 
teries  can  be  designed  with  excellent  nature  characteristics. 

4, 1.1. 2  Evaluation  of  Titanium  Grids 

Mercuric  oxide  cathode  plates  require  either  a  pure  silver  or  u  silver- 
plated  copper  grid  to  provide  good  performance.  These  grids  hcv.over  may 
be  limited  in  various  applications  because  silver-plated  grids  ;  eakdov/n 
on  activated  stand  tests  as  previously  reported.  Pure  silver  gri_s  also 
can  break  dovm  on  long  discharge  rates  (24  hours  and  over)  due  to  a.'.ial- 
gamation  with  the  mercury  from  the  cathode  reduction.  The  use  of  a:',  ex¬ 
panded  titanium  grid  was  studied  for  use  v,l-.h  mercuric  oxide  cathc-c^s. 

Four  cells  were  constructed  using  2-inch  square  cathode  plates  made  vri.oh 
lOTilC-l/O  ejQjanded  titanium  grids.  Theoretical  cathode  capacity  was 
277  arpere-minutes .  Two  cells  made  with  piire  magnesium  anode  plates 
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were  discharged  at  four-hour  and  eight-hour  rates  to  a  20-percent 
Voltage>drap  end  point  at  an  ambient  temperature  of  70*^. 

The  results  of  the  tests  shewed  that  these  cells  had  a  capacity  equiva¬ 
lent  to  cells  with  a  silver-plated  copper  grid.  The  initial  cell  vol¬ 
tage  was  0.20  volt  lower  than  oonparahle  silver-grid  cells;  the  voltage 

« 

then  Increased  to  the  silver-grid  cell  value  after  2$  percent  of  the 
discharge.  This  effect  is  probably  associated  vlth  a  surface  film  on 
the  titanium  grid.  Two  cells  were  also  made  with  AZ-31  magneslm  anode 
plates  and  discharged  at  the  24-hour  rate  both  immediately  after  acti¬ 
vation  with  5N  magnesium-perchlorate  electrolyte  and  after  a  week 
activated  stand.  The  data  are  plotted  in  Figure  4-5  and  shov;  a  nine 
percent  drop  in  capacity  after  the  one- week  stand.  Anode  efficiency 
measured  64  percent  for  the  cell  discharged  immediately  and  59  percent 
for  the  cell  discharged  after  a  one-week  stand.  It  con  be  concluded 
from  these  tests  that  titanim  grids  can  be  used  in  low- rate  mercuric  oodde 
cells  where  silver  grids  are  limited. 

4.1.2  Magnesium-Oupric  Oxide  Cells 
4. 1.2.1  Low«Teii|)erature  Studies 

Uagnesium-cuprlc  oxide  cells  with  a  theoretical  cathode  capacity  of 
590  anpere-minutes  were  tested  at  discharge  rates  from  two  to  eight 
hours  at  ambient  temperatures  as  low  as  -58^.  Cells  were  activated 
at  room  tesperature  with  5N  magnesium-perchlorate  electrolyte  and 
allowed  to  stand  for  five  minutes  at  the  test  ambient  temperature  before 
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tlM  start  of  Clscharga.  Ths  ea^paoity;  4ata  as  datsxnlnsd  ty  ■  <. 

aare  prsssnted  In  Table  4-2.  Rspressntattve  eiirves  for  calls  discbarviA 
at  2.0  SBiperes  and  4.0  aosperes  at  various  tsnparattires  axe  shown  in 
Figures  4-6  and  4-7. 

The  test  data  tiunr  that  room-tsB^erature  eapaaity  is  obtained  at 
tsspazatures  down  to  -?8*F  for  oells  with  a  polyurethane  Jacket. 
Capacity  of  noainsolated  case  cells  discharged  at  -4*  and  -4o*F 
droppped  to  less  than  20  percent  of  optimum  capcusity.  These  results 
show  that  the  cupric-oxide  cathode  Is  hlefhly  temperature  dependent 
and  that  control  of  heat  within  the  cell  will  affect  cell  capacity. 
Also,  the  cupric-oxide  cathode  has  a  hl^ii  tengperature  coefficient  and 
vide  variation  of  cell  voltage  can  be  obtained.  Data  were  presented 
in  Figures  10  and  11  of  the  First  Quarterly  Report  of  this  contract 
which  showed  the  variation  of  nagnesiuB-euprlc  oxide  cell. voltage 
with  tsBiperature  over  a  temperature  range  of  0  to  6o'*C.  This  varisktioa 
is  evidenced  in  the  present  study  the  Increase  in  cell  voltaje  of 
colls  eoclosed  in  a  one-half  ineh  polyicrethane  case  as  shown  in  .'i.jur«s 
4-6  and  4-7.  The  high  op^mting  voTtage  Sadieates  an  Intezml  caL«. 
tsBipeasatwre  above  kO*C. 

The  low  temperature  studies  of  the  ciqprie  oxide  system  deserlbed 
above  show  v  .t  good  capacity  can  be  obtained  down  to  at  least 

Cell  operating  temperature  however,  must  be  controlled  by  t?.c 
battery  design  to  insure  proper  operating  voi^^e. 
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4.2  IKAGNESIUM  FERCHIOIUTE  DRY  CELLS 

The  results  of  initial  studies  of  the  lov-temperature  characteristios  of 
yigAls(02O^)^itaO2  <hry  cells  were  summarized  in  the  Seventh  Quarterly  Report  of 
this  eootraot.  Data  were  px'esented  for  cells  with  a  3.6N  Mg(C10^)2  electrolyte. 
These  studies  were  continued  during  this  quarter  to  determine  the  characteristios 
of  sells  with  a  5N  Mis(C10^}2  electrolyte. 

Capacity  data  for  A--celis  discharged  through  a  16-:^  ohm  load  at  70*^  and  at 
•10*F  are  presented  in  Figure  4-S.  The  data  shows  that  the  cell  capacity  is 
sharply  reduced  at  the  lower  tecperature  with  the  cell  having  only  26.^  percent  of 
its  room-tenperature  capacity. 

The  low-tei^erature  tests  described  above  were  conducted  with  no  covering  or 
insulation.  In  an  effort  to  study  the  effects  of  insulation  on  cell  capacity,  two 
six-A-^ell  battery  packs  were  constructed,  one  with  a  cardboard  case  and  one 
with  a  polyurethane-foam-potted  case.  The  cardboard -case  battery  measured 
2,05  X  1.425  X  2.175  inches  and  weighed  123.6  grams;  the  foam-case  battery  measured 
2.675  X  1.65  X  3.075  Inches  and  weighed  136  grams.  The  six-cell  batteries  v.:.'a 
tested  by  storing  at  -20°F  for  16  hours  and  subsequently  discharging  them  through 
a  100-ohm  resistor.  The  capacity  data  are  presented  in  Figure  4-9.  The  daua 
show  that  a  discharge  time  of  3  hours  and  45  minutes  vas  obtained  vdth  the  foam 
insulated  battery  to  a  5.4-volt  end  point  with  an  average  voltage  of  7,55  volts 
conipared  to  a  discharge  time  of  2  hours  and  10  minutes  for  the  card  board  case 
batwery  with  a  6.2-volt  average  voltage.  Although  an  ijiprovement  was  realized 
with  the  foam  insulation,  only  one-third  of  rocm-tenperature  capacity  was 
obtained. 
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The  hatteries  from  the  above  teste  v/ere  then  placed  bac.lc  on  discharge  at  room 
tenperature  and  full  capacity  ^yas  obtained  from  both  batteries  for  the  codbiBa- 
tiona  of  low-tenperatiu'e  and  room-teirperaturo  discharge. 

A  study  was  made  of  the  differences  in  cell  coiiponents  at  tempex’atures  of 
70*F  and  -20 “F  to  determine  possible  causes  of  loss  of  capacity  at  low  teaiperaturas. 
Cell  anodes,  cathode  bobbin >  separators,  and  carbon  rods  v;ere  measured  and  examined 
at  the  tvra  tenperatures ,  No  change  v/ac  noted  in  dimensions  of  the  anodes  or 
oarbon  rods.  The  separator  and  the  cathode  mi:-:  appeared  wet  and  similar  to 
room  tenperature  appearance  at  the  -20“F  terparatura .  The  only  significant  varia¬ 
tion  noted  was  a  slight  looserdng  of  the  carton  rod  in  the  cathode  mix.  Cell 
structure  and  fabrication  studios  are  continuing  for  the  purpose  of  inproving  low- 
teniperature  performance. 

4.3  MAGNESIUM  ANODE  EFFICIEiJCI  STUDIES 

Data  were  presented  in  previcos  ciucrtcrly  roporcs  of  tiuLs  contract  which  she.. ad 
the  variation  of  magnesium  anode  of f icioncy  vrith  alloy  type ,  teaperature ,  and 
type  of  discharge  rate.  Figure  8  of  the  Fourth  Quartorly  report  showed  the 
variation  of  AZ-10  magnesium  anode  efficiency  as  a  function  of  current  density. 

Anode  efficiency  studies  were  continued  durir^g  this  report  period  to  deteiadne 
the  efficiency  of  pure  magnesium  and  /iZ-21  alloy,  at  various  current  densities 
and  to  correlate  the  efficiencies  with  data  from  iipedance  studies, 

4.3.1  Anode  Effleiency 

The  cell  geometry  us':d  v/as  similar  to  that  described  for  the  iipedance 
study  described  in  section  4.3.5  of  the  Seventh  Quarterly  Report.  Magnesium 


anodes  0.12^  Inch  in  diameter  vlth  an  0.5  inch  eig)08sd  length  were  used 
with  a  platinized  platlniua  cathode  in  2S  magoesiirn-perchlorate  electrolyte. 
The  cells  vere  discharged  at  various  constant- current  drains.  No  InhlMtoam 
were  used  in  the  electrolyte.  The  anodes  vere  cleaned  in  acetic  acid 
pickle  solution  prior  to  the  discharge  and  In  a  chroalc-acld  solution 
immediately  following  the  discharge.  The  anode  efficiencies  vere  tlum 
determined  based  on  the  resultant  weight  losses. 

Figure  h-10  shows  the  anode  efficiency  of  the  two  alloys  as  a  function  of 
current  density.  The  data  show  a  nearly  constant  efficiency  for  the  AZ-21JC1 
alloy.  This,  together  with  its  excellent  low-discharge  rate  efficiency, 

a 

makes  this  alloy  desirable  for  use  in  mgnesiusi  dry  cells  and  low-rate 
reserve  cells.  The  efficiency  measured  for  the  AZ-21X1  alloy  anode  was 
somewhat'  lower  than  expected.  The  reason  for  this  reduced  efi'iciency  is 
not  known  at  present.  In  practice,  efficiencies  as  high  as  8o  percent  have 
been  obtained  for  this  material  used  in  reserve  cells.  The  pure  mag::csivim 
anode  has  a  much  higher  efficiency  than  the  .^-21X1  alloy  anode  at  high- 
current  densities  which  results  in  optimum  performance  in  high  rate  rcJerve 

9 

cells.  At  current  densities  below  3  ma/cm^  the  efficiency  falls  off  sh-rply, 
limiting  the  use  of  pure  magnesium  at  low  discharge  rates. 

Cell  polarization  data  is  presented  in  Table  ^-3  together  with  the  efficiency 
data  and  the  anode  composition. 

h.3.2  Correlation  of  Anode  Efficiency  with  Magnesium  Corrosion 
Film  Studies 

A  study  method,  based  on  ingpedance  measureocmte,  for  magnesium  dissolution 


h.8 


processes  vas  described  in  the  Seventh  Qtiarterly  Report  of  this  contract. 
Measured  values  of  the  capacitance  and  resistsBoee  of  tbs  wegnerlum  eorrosion 
film  vere  related  to  film  area  and  thielmess  and  predictions  vere  made  at 
the  anode  efficiency  of  AZ>21JC1  and  pure  nagpseslVHi.  Figaros  U-U  and  4>12 
show  the  relationship  between  eiq^sed  anode  area  and  anode  efficiency  as  a 
function  of  current  density.  The  data  shov  that  the  eaposed  area  (At;  •  Af) 
decreases  with  decreasing  current  doiaity  to  a  point  tihwe  'ttie  total  anode 
surface  is  covered  vlth  corrosion  film.  This  occurs  at  1.7  aa/em^  for  pure 
magneslTan  and  0.3  ma/cm^  for  the  AZ-2IX1  alloy. 

The  rate  of  corrosion  film  foimatlon  is  much  greater  for  the  pure  magnasiim 
as  indicated  by  the  higher  current  density  required  to  have  eacposed  nagnesltim 
present.  Belov  this  ciirrent  density  the  corrosion  film  formation  rats  in¬ 
creases  as  the  load-current  d^slty  decreases,  resulting  in  a  decrease  in 
anode  efficiency.  Good  agreement  is  shown  between  the  anode  efficiency 
curves  and  the  data  predicted  in  the  Seventh  Quarterly  Report. 


5.  COMCITiSION 


Lw-tenperature  oharaeterlzation  of  nagnesium-magnesiim  perchlorateHuercuric 
oxide  reserve  cells  show  that  roca-teaperatxire  capacity  can  be  obtained  down  to 
-58*F  with  the  use  of  a  polyurethane  insulated  cell  case.  Fifty  percent  of 
rooiifi~tenperature  capacity  is  obtained  at  for  noninsulated  cells. 

Characterization  of  magnesium-magnesium  perchlorate-cupric  oxide  reserve  cells 

« 

show  the  capacity  drop  to  below  twenty  percent  of  optimum  at  -40  “F.  Good 
capacity  can  be  obtained  hov;ever  with  the  use  of  an  insulated  cell  case. 

A  titanim  cathode  grid  was  shown  to  perform  satisfactorily  in  the  mercuric  oxide 
reserve  cell.  Activated  stand  tests  showed  a  nine  percent  loss  in  capacity 

i 

after  a  one  week  stand 

Capacity  data  for  magnesium-nagnesium  perchlorate-maiTganese  dioxide  A-cells  and 
six  cell  batteries  show  only  25  percent  of  room  tenperature  capacity  is  obtained 
at  -20T. 

Anode  effioieiwy  studies  showed  efficiencies  over  80  percent  are  obtained  for 
pure  magnesitua  at  high  current  densities.  Efficiency  of  pure  magnesium  falls 
off  sharply  at  current  densities  below  3  ma/cm*. 

Data  for  AZ-2XIC1  magnesium  alloy  show  nearly  constant  efficiency  with  good 
efficiency  at  the  low-current  densities.  Good  correlation  was  obtained  between 
the  anode  efficiency  data  and  magnesium  corrosion  film  studies  presented  in  the 
Seventh  Quarterly  Report. 
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1.  Lov-tenporature  studies  of  loagnesiunMnagnecium  perchlorateHaangsnsss 
dioadda  dry  cells  to  laprove  perfomanoe  will  be  ccmtinued. 

2.  The  peifoncance  of  isasganese  dioaide  reserve  type  cells  ttIII  be  de¬ 
termined. 

3.  The  magnesium  corrosion  film  studies  'gill  be  continued. 
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Table  4-1.  Capaalty  Data  for  2fe;A]is(C10^)2/^'r^  Reser«« 
Celle  at  Taxioaa  DLeobazge  Bates  aaa  Teqpara.ures. 


DISCKAHQE  AMBIENT 
CURRENT  TEMPERATURE 

(Asperes)  ( *F) 


(1)  ^o  1.10  volts 

(2)  to  O.SO  volt 


CAPACITY  TO  20-PER- 
_ CENT  VOLTAGE  DROP _ 

1  DISCHARGE 

AVERAGE 

VOLTAGE 

RDUBS 

MIN. 

(Volts) 

CELL  CASS 

8 

30 

1.06 

nonlnsulated  plastle 
plus  heat  sink 

4 

20 

1.10 

nonlnsulated  plastic 
plus  heat  sink 

49  (1) 

1.29 

l/2-incb  polyf  oan 

4 

5 

1.02 

l/2-inch  polyfoam 

4 

23 

1.06 

l/2'inch  pol^oam 

2 

■ 

t 

3 

1.06 

1 

nooilnsulated  plastle 
plus  heat -sink 

2  1 

2  (1) 

1.35 

1/2-lnch  pol^oam 

2 

21  (1) 

1.26 

V2-lnch  polyfoam 

2 

4  (1) 

1.33 

l/2-lnch  polyf  oam 

4  ’  i 

t 

10  (2) 

.98 

1/2-inch  polyfoam 

4 

20  (2) 

.95 

l/2-lnch  polyfoam 

^  i 

50  (2) 

.96 

l/2'lnch  polyfoam 

j 

50 

1.00 

nonii^sulated  plastic 

» 

48 

1.02 

nonlnsulated  plastic 

‘ 

27 

.89 

nonlnsulated  plastic 

Table  4-2.  Capacity  Data  for  MgA^(C10^2/^^  Reserve 
Cells  at  Various  dschavge  Rates  and  Teniperatures . 


APPARENT 

CURRENT 

DENSITY 

(ma/cnr) 

PORE  MAGNESIUM 

AZ21X1  A] 

[lOY 

CELLO  3) 
VOLTAGE 

0 volts) 

ANODE 

EFFICIENCY 

0 percent) 

CE1L(‘>) 

VOLTAGE 

0  volts) 

ANODE 

EFFICIENCY 

fuercent) 

10.9 

0.59 

82.3 

0.50 

66.9 

7.8 

0.64 

81.8 

0.54 

67.1 

3.8 

0.73 

77.4 

0.61 

62.2 

2.0 

0.82 

73.6 

0.64 

67.1 

0.46 

0.94 

49.7 

0.64 

64.5 

0.09 

1.20 

33.9 

0.92 

59.0 

Notes: 

(1)  Dow  Sublimed 

Ca  Cu  Fe  Ifi  Pb  Si  Sn  Zn 

<.003  <.01  COOl  <.001  <.001  <.0005  <.002  <.01  <.01  .003 

(2)  te-AZgjyi 

1.96  .15  <.001  .0014  .016  <.0005  .004  <.01  <.01  1.08 

4 

03)  Magnesium  ve.  platlnized-platinum. 


Table  4-3 .  Magnesium  Anode  Efficiency  Data  in 
2N  Magnesium  Perchlorate  Electrolyte. 


Notes: 

(1)  Dow  Sublir.ed 

■iAl...  -  Cu  Fe  >In _ I-:i  Pb  Si  Sn  Zn 

<.003  <.01  COOl  <.001  <.001  <.0005  <.002  <.01  <.01  .003 

(2)  DggJ^2,3;)Cl. 

1.96  .15  <,001  .OOU  .016  <.0005  .004  <.01  <.01  1.08 

« 

03)  l&^esluin  vs.  platlnized-platiaum. 


Table  4-3.  Magnesium  iUaode  Efficiency  Data  in 
2N  Magnesium  Perchlorate  Electrolyte. 


8-3 


(snoA)  ifivnoA  nao 


U) 


10 

I 

a 


8-6 


2,0 


! 


00  U)  ^  <VJ  o  O 

•  •  •  •  • 


(SnOA)  39VilOA  m30 


8-9 


CO  iO  St  CJ  o  CO 

«  •  •  *  «  • 

(snoA)  30vnoA  1130 


8-10 


Figure  4-7.  Effect  cf"  Tc  v  I)i:jcharge  Chai>acteristics  of  MgAfe( 0104)2/000 

Reserve  Cel!  id  ut  a  Constant  Current  of  4.0  jbnperes. 


MSTRIMTION  LIST 
EiaSTH  REPORT 

(X5IJTEftOT  NO.  01-36-039-60-85340 


CoEsaandrlng  OfficGi*  Cor.  ■::ancir.^  Officer  &  Direotoar 

U.S.A.  Signal  Research  and  Develapaieat  U,  3.  :  -  -i  Rlectroaics  Laiboratosy 


Laboratory 

Fort  Ltoamouth,  Kev;  Jersey 
ATTN;  Logistics  Division 
(}.!ARKSD  FOR  PROJECT 
ENGINEER) 

ATTN:  SIGRA/SL-LNR 
ATTN:  SIGRA/SL-P 
ATTN:  SiaWsL-LNE 
iiTTN:  Dir  oi*  Research/Engineerloag 
ATTN:  Technical  Doctment  Center 
ATTN:  Technical  Infomiation  Div 
giNuIASSIFIED  REPORTS  ONLY 
FOR  I^RANSLCTTAL  TO 


San  Die^«,  5-<:,  Calif oosnia 
Conmander 

Air  Force  Corjaano  and  Control 
(16)  Development  Division 
(1)  ATTN:  CRZC 
(1)  L,  G.  Kanscom  Field 
(1)  Bedford,  llassachusetts 
(1) 

(1)  Coiaaander 

Rome  Air  De-velopment  Center 
ATTN:  RAALD 

Griff iss  Air  Force  Base,  New  York 


(1) 


(1) 


(1) 


ACCREDITED  BRITISH  AND 
CAiiADIiC’-I  GOVEaNI.ENT 
EEPRESENTATI7ES) 


OASD  (R&D),  Rm  3E1065 
ATTN:  Technical  Library 
The  Pentagon 
Washington  25,  D.C. 

Chief  of  Research  and  Develcpnent 
OCS,  Department  of  the  Aimy 
Washington  25,  D.C. 

Chief  Signal  Officer 
ATTN:  SIGRD 
Department  of  the  Amy 
Washington  25,  D.C. 

Chief  Signal  Officer 
ATTN:  SIGRD-4a 
apartment  of  the  Aimy 
Viashlngton  25,  D.C. 


Di3rector 

U.S .Naval  Research  Laboratory 
AITN:  Code  2027 
V/ashington  25,  D.  C. 


CoEmanding  General- 

(3)  U.S.A.  Electronic  Proving  Grovmd 
ATTN:  Technical  Library 

Fort  Huachuca,  Arizona  (1) 

Commanding  OC^icer 

(1)  Diamond  Ordnance  Fuze  LaboratcarLes 

ATTN:  Library,  Room  211,  Bldg .92 

Washington  25,  D,  C.  (1) 

(1)  Cc;.nn'  :;ing  Officer 

U.S.A.  Signal  Equipoai^  Support  Agexicy 
ATTN:  SIGMS-ADJ 

Fort  Moniaouth,  N.J.  (1) 

(1)  Deputy  President 

U.S,  Army  Sec,„rity  Agency  Board 

Arlington  Hall  Station 

Arlington  12,  /irginia  (1) 

(1)  Commander 

Aimed  Services  Teohnloal  IzuTomation 
Agency 

ATTN:  TIPCR 

Arlington  Hall  Station 

(1)  Arlington  12,  Virginia  (10) 


DISTRIBUTION  LIST  (oont'd) 
D&>36-039-^>89340 
EIORTH  QUARTERLY  REPORT 


Chief 

U.S,  Aiwir  Security  Agency 
Arlingtcn  Hall  Station 
Arlington  12,  Virginia 

Coiitaiander 

Aerctnautical  Systeras  Division 
ATTN:  AS/iPRL 

V/right-Patterson  Air  Force  Base,  Ohio 

AFSC  Liaison  Office 
Naval  kir  Research  and  Develqpmsnt 
Activities  Coannand 
Johns ville,  Pennsylvania 

Commander 

Air  Force  Caaibridge  Research 
Laboratories 
ATTN:  Ci^O 
L.  G.  Hanscoa  Field 
Bedford,  Massachusetts 

Comnnnder 

Air  Force  Corcaand  and  Control 
Development  Di’/ision 
ATTN:  CCHR 
ATTN:  CCSD 
L.G,  Hanscom  Field 
Bedford,  Miassaohusetts 

Liaison  Officer,  L,\A 
D.S.A,  Signal  Research  and  Development 
Laboratory 

75  Soutli  Gi'and  Avo.,  Bldg,  13 
Pasadena,  California 

Parer  Infomaticn  C— ter 
Moore  School  Builc-ing 
200  South  Tldrty-Tl'-ird  Street 
Philadelphia  4,  Pennsylvania 

Army  Research  Office 
Office,  Chief  Research  &  Development 
Dec  .rtmsnt  of  the  Army 
Roc  .  3D442,  The  Pentagon 
jLngton  25,  D.C. 

.ATN:  Dr.  Sidney  J,  Magrem 

Director  Advanced  Concepts  Division 
Bureau  of  Ships  (Code  350) 

Washington  25,  D.C. 

ATTN;  LCDR,  Frank  W,  Anders 


Office  of  Naval  Research  (Code  429} 
Department  of  the  Navy 
Washington  25,  D.  C. 

(2)  ATTN:  Mr.  James  R.  Patten,  Jr  (1) 

Ccr-.rrx'cr 

Aero;— Systems  Dlvisloix 
V/rlght-.  av.crson  Air  Force  Base 
(1)  Ohi 

ATTN:  George  W.  Shexuan  (1) 

Assistant  Director,  Material  Selences 
Advanced  Research  Projects  Agency 
(1)  The  Pentagon,  Room  3E153 
Washington  25,  D.C. 

ATTiM:  ..Ir.  Charles  F,  Yost  (1) 

A-dvanced  Research  Projects  Agency 
The  Pentagon,  Room  3  -.- 57 
Washington  25,  D,  C. 

(1)  AI-TN:  Dr.  John  H.  Hu-..  (1) 

Headquarters  National  Aerou.  .-•cics  & 

Space  Administration 
Office  of  Nuclear  Flight  Sya  a--. 

(1)  V/ashington  25,  D.  C. 

(1)  .OTN:  Mr.  David  Novik  (1) 

National  Aeronautics  Sc  Space  ^c^uinistra- 
tion 

1512  H.  Street  N.W. 

Washington  25,  D,C, 

ATTN:  Mr.  Ernst  M.  Goan  (RPP,  (1) 

(1)  Equipment  &  Supplies  JEHvislaa 
Office  of  Ordnance 
Office,  DODRicE 
The  Pentagon 
Washington,  25,  D.C, 

(1)  ATTN:  Mr.  G.  B.  Wardiam  (1) 

Bright  Star  Industries 
600  Getty  Avenue 
Clifton,  N.J 

ATTN:  2«r.  F,  iCeller  (1) 

(1)  Mallory  Battery  Company 
Tarrytown,  N.Y, 

ATTN:  Itr^  J.  Dalfonso  (1) 

(1) 


DiamBOTZOIl  UST  (•ont'd) 


• 

noBEH  QpyiRriBLr  BinBT 

The  Dow  Metal  Produsta  Co. 
}i&dland,  liLohigan 

ATTN:  Dr.  R.  Kirlc 

(1) 

Burgess  Battery  OoEpany 
Freeport,  Illinois 

ATTN;  Mr.  M,  Willse  . 

<D 

Union  Carbide  ConsuDisr  Products  Go, 
Cleveland,  Ohio 

ATTN:  Dr.  F.  Granger 

(1) 

Electric  Storage  Battery  Conpany 
Ras^-o-Vac  Division 

212  East  V/asiiington  Avenue 

Madison  10,  Y/isco!isin 

ATTN:  l<£r.  P,  Albert 

(1) 

Marathon  Battery  Conpany 
Wausau,  Wisconsin 

ATTN:  Mr,  G.  Schroeder 

(1) 

American  Cyanaaid  Co, 
Research  Service  Dept. 
Bound  Brook,  N.J. 

(1) 

Commanding  Officer 

U,  S,  Naval  Orir.ai.ic  Laboratory 

ATTN;  Libi'£.ry  (Spindler) 

Corona,  California  (1) 


Electrccheaica  Coip 
1140  O'brlen  Drive 
X^srilo  ?  California 

ATTN:  Dr,  M.  Eisenbetg  (1) 

Sandia  Corporation 
Sandia  Base 

Albuquerque,  Nev;  l,32ico 
ATTN:  Librarian 


(1) 


